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ON THE PRODUCTION OF ANAPHYLATOXIC SUB- 
STANCES BY AUTOLYSIS OF BACTERIA AND 
THEIR RELATIONS TO ENDOTOXINS.* 

E. C. ROSENOW. 

{From the Memorial Inslilulefor Infectious Diseases, Chicago.) 

In a recent article' I have shown that when virulent pneumo- 
cocci are suspended in NaCl solution it becomes very toxic for 
normal guinea-pigs at a certain period of autolysis, and intravenous 
injections produce the symptoms and changes characteristic of 
anaphylactic shock. These results speak strongly in favor of the 
view that the symptoms in sensitized animals following a second 
injection of pneumococcus extract are due to a rapid splitting of the 
protein into toxic material and that a similar splitting occurs at a 
much slower rate in vitro by autolysis. 

In the following pages I wish to report briefly the results of 

similar experiments made with the streptococcus pyogenes and 

mucosus, the staphylococcus, the t)T)hoid bacillus, the colon bacillus, 

the bacillus pyocyaneus, the meningococcus, the gonococcus, the 

dysentery bacillus (Shiga), and the spirillum of Metchnikoff. The 

bacteria were grown on the surface of ascites agar (the ascites fluid 

used was heated first at 60° C. for 24 hours), LoefHer's blood serum 

slants, or in meat broth. They were suspended in NaCl solution 

so that each cubic centimeter represented approximately 2.5 

billion bacteria. When the bacteria were grown in broth they were 

first washed in NaCl solution. 

The two strains of streptococci were recently isolated, one from the blood in a 
case of puerperal sepsis, the other from the throat of a case of scarlet fever. The 
streptococcus mucosus came from the sputum in a case of bronchial asthma and was 
only slightly virulent. It underwent autolysis very slowly in NaCl solution, formed 
long chains, and had lost its capsule. The meningococcus was isolated in pure culture 
from the cerebrospinal fluid of a case of meningitis six weeks previously. For the 
strains of gonococcus I am indebted to Dr. Irons. One strain was isolated a long time 
ago, the other was in the seventh generation. The strain of colon bacillus, and 
B. pyocyaneus were isolated from cases of cystitis, while the typhoid bacillus and the 
spirillum of Metchnikoff were taken from laboratory stock cultures. The strain of 
Shiga bacillus was isolated from a case of dysentery by Dr. Dick. 

* Received for publication November 23, 1911. 
■ Jour. Infect. Dis., 1911, 9, p. 190. 
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All injections, the total quantity being always 7 c.c. unless 
otherwise indicated, were made into the jugular vein of normal 
guinea-pigs weighing from 200 to 250 gms. The ether, when 
previously added, was always removed before injection. Control 
experiments showed that it makes no difference so far as the imme- 
diate symptoms are concerned whether the bacteria are removed 
or not; hence centrifugation was omitted in most instances. In 
this way it was possible also to study the later effects of the bacteria 
injected. The symptoms produced and the postmortem appear- 
ances are identical with those of anaphylaxis and those following 
the injections of substances obtained from pneumococci, whether 
by autolysis in NaCl solution or by treating them with immune 
and normal serum. The typical convulsions, respiratory spasm, 
sudden drop in temperature, leukopenia followed by fever if the 
animal survives the acute symptoms are indistinguishable from 
anaphylaxis. Extreme emphysema of the lungs, ecchymosis, 
occasional hemorrhages into the lungs and heart, especially if the 
animal survives a number of hours, and dark blood due to asphyxia 
are found postmortem. 

EXPERIMENTS WITH STREPTOCOCCUS PYOGENES. 

Numerous experiments with extracts of the two strains of viru- 
lent streptococci indicate that it is difficult to obtain highly toxic 
substances from streptococci in NaCl solution. Extracts from 
suspensions kept at 37° and 15° C, with and without ether, were 
tested at intervals of from 24 hours to 11 days. All proved non- 
toxic except two in which extraction had been carried out under 
ether at 37° C. for six days and 10 days respectively. The former 
produced definite although not fatal symptoms in two normal 
guinea-pigs when 3 . 5 c.c. were injected, while the latter produced 
typical symptoms with death in two minutes when 7 c.c. were 
injected into each of two guinea-pigs. In Table i it is shown 
further that while it is difficult to obtain an active poison from 
streptococci even by means of immune' and normal serum it is 
nevertheless possible, the results of Paul Th. Mueller^ to the contrary 
notwithstanding. 

■ Parke, Davis & Co. 

'Ztschr.f. Immunitdtsf., igii, lo^ p. 164: ibid., igii, 11, p. 200. 
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Streptococci from fresh broth cultures yield little or no toxic 
substance when treated the first time in immune serum and then 
in normal serum, but when previously treated with sodium oleate 
1/1,000 or when the same number of streptococci from old broth 
cultures are used, they yield toxic substances. If fresh strep- 
tococci, on the other hand, are treated in normal guinea-pig serum 

TABLE I. 

Experiments with Streptococcus Pyogenes. 



Mixtures Injected 



Symptoms in Normal 
Guinea -Pigs 



Appearance of Cocci at the Time 
of Injection 



Strept. from 30 c.c. broth +0.5 ex. immune 
serum at 37*0. for J hour + 4 c.c. nor- 
mal guinea-pig serum at 15* C. 4S hours. . 

Strept. from 30 c.c. broth +0.5 c.c. im- 
mune serum at 37 C . for i^ hours -|- 4 c.c. 
normal guinea-pig serum at 15* C. 48 
hours 

Strept. from 30 c.c. broth + ether 37'' C. 
I hour -f o. 5 c.c. immune serum at 37® C. 
for ^ hour + 4 c.c. normal guinea-pig 
serum at 15' C. 48 hours 

Strept. from 30c. c. broth -h 1/1,000 sodium 
oleate 37" C. i hour -f 0.5 c.c. immune 
serum at 37° C. for ^ hour -j- 4 c.c. normal 
guinea-pig serum at 15" C. 48 hours 

Strept. from 30 c.c. broth -h o . 5 c.c. immune 
serum at 37" C. for 6 hours -f 4 c.c. nor- 
mal guinea-pig serum at 15" C. 48 hours. . 

Strept. 21 days old from 30 c.c. broth + 
0.5 c.c. immune serum at 37* C. for ^ 
hour -f 4 c.c. normal guinea-pig serum 
at 15* C. 48 hours 

Strept. from first five mixtures suspended 
in 20 c.c. fresh guinea-pig serum at 37" C. 
3 c.c. injected at the end of i^ hours 

Strept. from first five mixtures suspended 

• in 20 c.c. fresh guinea-pig serum at 37* C. 
3 c.c. injected at the end of 3« hours 

Strept. from first five mixtures suspended 
in 20 c.c. fresh guinea-pig serum at 37° C. 
3 c.c. injected at the end of 8 hours 

Strept. from first five mixtures suspended 
in 20 c.c. fresh guinea-pig serum at 37" C. 
3 c.c. injected at the end of 8 hours -|- 
i.S c.c. fresh guinea-pig serum 

Control-guinea-pig serum 37° C. 8 hours 

Control-guinea-pig serum 15" C. 48 hours. . . 



No symptoms 



Slight symptoms. 
Drop of 2.2" F. 



No symptoms 



Slight symptoms. 
Drop of 3.6" F. 

Slight symptoms 



Severe symptoms 



Severe symptoms. 

Nearly dead in 

3 minutes 
Death in 2 minutes 



No symptoms 



Death in 3 minutes 
No symptoms 
No symptoms 



Nearly all gram positive 

Nearly all gram positive 

Many gram negative 

Many gram negative 

More than one-half gram negative 

More than one-half gram negative 
More than one-half gram negative 
More than one-half gram negative 
More than one-half gram negative 

More than one-half gram negative 



The strain of streptococcus used in these experiments was obtained from the blood in a case of puer- 
peral sepsis and was moderately virulent to guinea-pigs. The cocci were grown in meat broth for 48 hours. 
Rosenow's capsule stain was used to bring out the change in the streptococci. Subcultures on blood agar 
proved that no contamination had taken place in the mixtures at the time of injection. 

a second time after one treatment in immune serum, highly toxic 
substances are obtained. The table shows that in one and one-half 
and three and one-fourth hours at 37° C. the toxicity is marked, while 
at the end of eight hours the toxicity has disappeared. If fresh 
guinea-pig serum is added to this serum extract which has become 
harmless the mixture at once becomes toxic again. The toxic 
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substance appears in solution when the streptococci show definite 
tinctorial and morphological changes just as is the case with 
pneumococci. 

Extracts of streptococci in NaCl solution which have not yet 
had time to become toxic have been found to yield toxic substances 
promptly by the addition of one part of normal serum to three 
parts of salt solution. The changes which take place in strepto- 
cocci allowed to age in cultures and treated with sodium oleate, or 
suspended in NaCl solution, are probably all of the same character 
as when treated in immune serum, because one treatment in serum 
in these instances is sufficient to bring into solution the toxic sub- 
stances, whereas with fresh streptococci a second and longer 
treatment is necessary. From these results it would seem that 
streptococci in the serum mixture furnish at least a part of the 
anaphylatoxic substance just as they are its only source in the 
NaCl solution. In both instances the time required, in order to 
bring the toxic substances in solution, is greater than in the case 
of virulent pneumococci. 

EXPERIMENTS WITH STREPTOCOCCUS MUCOSXJS. 

Table 2 shows that the streptococcus mucosus also yields a toxic 
substance or substances when extracted in NaCl solution under 

TABLE 2. 
Experiments with Streptococcus Mucosus. 



Seven c.c. of the NaCl Solution Extract after Treatment as Mentioned Injected 
Intravenously in Normal Guinea-Pigs Weighing 250 Grams 



Symptoms 



Str. mucosus in NaCl sol. at 37* C. for i, 2, 4, 9, and 28 days 

Str. mucosus in NaCl sol. at 37° C. for 9 days, s c.c. + 2 c.c. normal guinea- 
pig serum at 37* C. for ij hours 

Str. mucosus in NaCl sol. + ether at 37° C. for i, 2, and 4 days 

Sir. mucosus in NaCl sol. + ether at 37° C. for 9 days 

Str. mucosus in NaCl sol. + ether at 37° C. for 9 days, s c.c. + 2 c.c. normal 
gninea-pig serum at 37" C. for i J hours 

Boiled str. mucosus in NaCl sol. + ether at 37° C. for 4 days + washed guinea- 
pig leukocytes in ice-chest over night and at 37° C. for s hours 

Boiled str. mucosus in NaCl sol. + ether at 37° C. for 4 days -1- washed guinea- 
pig leukocytes in ice-chest over night and at 37° C. for 13 hours 



No symptoms 

Severe sympjoms 
No symptoms 
Severe symptoms 

Death in three minutes 

Death in tour minutes 

No symptoms 



The leukocytes were obtained from guinea-pigs injected 24 hours previously with aleuronat. The 
NaCl solution suspension of leukocytes gave no symptoms at the end of 24 hours at 37° C. but did at the 
end of 48 hours. Cultures proved that the mixtures remained sterile. 

ether. When the organisms are suspended in NaCl solution at 
37° C. changes take place before the toxic stage is reached which 
are probably similar in nature to those produced by immune serum, 



Production of Anaphylatoxic Substances 



117 



because normal serum renders the NaCl suspensions which have 
been kept at 37° C. nine days highly toxic in one and one-half hours 
at 37° C. just as with cocci previously treated in immune serum. 
The addition of washed guinea-pig leukocytes to the partially auto- 
lysed extracts bring into solution promptly the toxic substance 
and at the same time converts it into harmless products in eight 
hours after the height of toxicity has been reached. 

The toxicity of the leukocytic suspension in NaCl solution which 
develops at the end of 48 hours is interesting. It seems as if during 
disintegration the leukocytes yield toxic substances, although the 
possibility that this is formed from the small quantity of aleuronat 
remaining in the exudate, must be borne in mind. 

EXPERIMENTS WITH TYPHOID AND COLON BACILLI. 

Table 3 shows that the typhoid bacillus yields a toxic substance 
when suspended in NaCl solution under ether at 37° C. Here 

TABLE 3- 
Experiments with Typhoid Bacilli. 



Seven c.c. of the NaCI Solution Extract 
after Having Been Treated as Indi- 
cated Are Injected 



Symptoms in Normal 
Guinea-Pigs 



Appearance of Bacilli 
by Giemsa Stain 



Number of Vi- 
able Bacilli per 
Loop 



Bacilli in NaCl sol. at 37° C. for 2 hours. 



Bacilli in NaCl sol. at 37° C. + ether for 
2 hours 



Bacilli in NaCl sol. at 37° C. -j- ether 
for 48 hours 



Bacilli in NaCl sol. at 37° C. + ether 
for 7 2 hours 



Bacilli suspended in NaCl -f washed 
guinea-pig leukocytes at 37° C. for 22 
hours 



Bacilli suspended in NaCl 4- washed 
guinea-pig leukocytes at 37* C. for 48 
hours 



No symptoms. No 
change in tempera- 
ture 

Death in 6 minutes 
from typical shock. 
Drop of 6° F. 

Slight symptoms. 
Drop of 1 . 5" F. 

No symptoms. Rise 
of 0.6° F. 



Severe symptoms. 
Drop of 2° F. 



No symptoms 



One-half stain deep- 
ly, the rest faintly 



All stain faintly 

All stain faintly 
All stain faintly 



Mostly faintly stain- 
ing 



Mostly faintly stain- 
ing 



Innumerable 



Undetermined 



Undetermined 



Washed leukocytes give no symptoms in 22 hours but death in three minutes when kept at 57" C. 
for 48 hours. 



there is also a close relation betweeti disintegration and death of 
the bacilli and the appearance of the anaphylatoxic substance in 
solution. As with the streptococcus mucosus, leukocytes rapidly 
bring into solution the toxic substance and render it harmless again. 
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Similar experiments with colon bacillus gave approximately 
the same results. However, instead of the toxicity in NaCl solu- 
tion under ether developing in 22 hours it appeared first at the 
end of 48 hours. The tinctorial changes and death of the bacilli 
appear at a correspondingly later period. 

EXPERIMENTS WITH STAPHYLOCOCCUS. 

Experiments were made with extracts in NaCl solution of staphy- 
lococcus aureus but with negative results. Suspensions both with and 
without ether were tested at intervals of from five hours to 26 days. 
Stained specimens show that the cocci are well preserved and mostly 
gram positive even at the end of this long period. Mixtures of 
washed guinea-pig leukocytes and staphylococci in NaCl under 
ether at 37° C. for 48 hours, however, proved fatal with typical 
symptoms in three minutes. The corresponding control suspen- 
sions of leukocytes in NaCl solution both with and without ether 
became only moderately toxic after 48 hours at 37° C. and then at 
15° C. for five additional days. Staphylococci from 20 c.c. broth 
treated in 2 c.c. antistreptococcus senmi at 37° C. for one hour 
and then suspended in 4 c.c. normal guinea-pig serum in ice-chest 
for 20 hours, and then at 37° C. for eight hour^ caused death with 
typical symptoms in four minutes. A similar toxic substance was 
obtained when 3 c.c. of fresh guinea-pig serum was added to 4 c.c. 
of extract of staphylococcus in NaCl solution which had been 
kept at 37° C. for four days, this mixture being kept at 37° C. for 
20 hours previous to injection. The control mixture of NaCl 
solution and serum remained permanently harmless. 

In other words, while it has not been possible to obtain any 
anaphylatoxic substance from staphylococci in NaCl solution it is 
easily brought in solution by means of leukocytes and serum. 

EXPERIMENTS WITH MENINGOCOCCUS AND GONOCOCCUS. 

The experiments with the meningococcus were made by testing 
the toxicity of suspensions in NaCl solution with and without 
ether after being kept at 37° C. 10 minutes, one hour, 20, and 48 
hours. The extracts which were prepared without ether were 
toxic at an earlier period than those to which ether was added. 
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The toxicity also disappeared earlier. Thus definite symptoms 
followed the injections made after 10 minutes and fatal symptoms 
those made after one hour, but there were no symptoms from the 
injections made at the end of 20 hours when no ether was added; 
when ether was added the earUer extracts were less toxic but 
produced umnistakable symptoms after remaining at 37° C. for 
48 hours. The animals receiving the suspensions before the toxic 
substance had gone into solution died at the end of 48 hours with 
no gross lesions; those which received the suspensions but survived 
the severe immediate symptoms died in 18 hours with ulcer of 
stomach and marked postmortem digestion of the gastric mucous 
membrane, while those receiving the suspensions after the toxicity 
had disappeared remained permanently well. 

Experiments with extracts in NaCl solution of the two strains 
of gonococci gave similar results. The more recently isolated 
strain disintegrated more rapidly in NaCl solution, was more diffi- 
cult to grow, and yielded a highly toxic substance in 15 minutes 
after the suspensions in NaCl solution were made. The toxicity 
was greater and disappeared at a correspondingly earUer period 
than that of the strain which had been cultivated for a much longer 
period. The former killed the guinea-pigs in the usual way, the 
latter produced severe symptoms. The injection which produced 
definite and immediate but not fatal symptoms killed within 24 
hours with ulcer of stomach as the chief postmortem finding, 
while the animals receiving the suspensions after the toxicity had 
disappeared survived. 

EXPERIMENTS WITH THE SPIRILLUM OF METCHNIKOFF. 

Extracts in NaCl solution of this spirillum, previously grown in 
plain broth for 20 hours, produced marked symptoms in 10 minutes 
after the suspensions were made, but no symptoms were obtained at 
the end of four and 24 hours. The early appearance of the toxic sub- 
stance in NaCl solution with this microorganism is in keeping with 
the small amount of culture necessary to obtain positive results 
when treated with serum. Two loops from the surface growth on 
agar treated in antistreptococcus serum at 37° C. for one-half hour 
and then digested in 4 c.c. normal guinea-pig serum on ice 48 hours, 
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as well as the same amount of culture suspended directly in 
normal serum, gave the toxic action. The toxicity of both these 
mixtures disappeared completely after exposure to 37° C. for three 
and one-half hours. 

EXPERIMENTS WITH THE BACILLUS PYOCYANEUS AND THE 
DYSENTERY BACILLUS. 

Repeated attempts were made to obtain toxic substances from the 
bacillus pyocyaneus but with negative results. Although immediate 
symptoms suggestive of anaphylactic shock could not be obtained, 
the suspension caused death in 18 to 48 hours. This toxicity 
remained for six days after the suspensions were made, differing 
in this respect from the effect of NaCl solution suspensions of the 
bacteria producing no soluble toxin in that the latter no longer 
intoxicate when they have lost the power of causing immediate 
symptoms. 

NaCl solution extracts of the Shiga bacillus of dysentery gave 
results exactly similar to the bacillus pyocyaneus. 

It is well known that the difference in the amounts of bacteria 
necessary in order to obtain the anaphylatoxic substance in a given 
time when treated with immune serum and complement is very great. 
Several loops of typhoid bacilU or cholera vibrio and of dysentery 
bacilli all susceptible to serum lysis will produce as much intoxica- 
tion as pneumococci, streptococci, or staphylococci (bacteria which 
are not susceptible to serum lysis) from 30 c.c. or more of a broth 
culture. These observations show that bacteria which disintegrate 
rapidly in NaCl solution also yield the toxic substance at a corre- 
spondingly earlier period and from smaller amounts than those 
which disintegrate slowly. This is true of various strains of the 
same species as well as of the different species. In case of the 
pneumococcus there is a close relation between virulence, the rate 
of disintegration, and the time of appearance of the anaphylatoxic 
substance in NaCl solution and when treated with immune and 
normal serum. Streptococci resist disintegration in serum and 
NaCl solution much longer than virulent pneumococci and yield 
the toxic substance at a correspondingly later period. Heat- 
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killed bacteria such as meningococci, gonococci, and typhoid bacilli, 
and others susceptible to serum lysis are toxic to animals to a much? 
higher degree, and as shown here yield toxic substances more quickly 
than pneumococci, streptococci, and staphylococci. 

The rapidity with which bacteria disintegrate in NaCl solution 
or in cultures is generally believed to be due to the activity of an 
autolytic ferment, the so-called "endotryptase." 

As pointed out, the quicker disintegration occurs the sooner the 
toxic substance appears in solution, hence it probably is a split 
product of the bacterial protein. It is interesting to point out 
also that there is a certain parallelism between the ease with 
which the various cocci disintegrate in NaCl solution, with libera- 
tion of the toxic substance, and the tenacity with which they retain 
the stain when treated by the Gram method. Gonococci and 
meningococci are gram negative. They disintegrate and yield 
the toxic substance very rapidly. Pneumococci, streptococci, 
and staphylococci, while gram positive, retain the stain, and resist 
disintegration in NaCl solution in the order named. Virulent 
pneumococci when suspended in NaCl solution are largely gram 
negative in 24 hours, streptococci in a week or more, while staphylo- 
cocci remain gram positive for two weeks or a month. 

As further indication that the toxic substance is really a split 
product and that microscopic evidence of disintegration of the 
bacteria is not simply an expression of direct solubility of the 
bacterial cell and not of proteolysis we have the following results : 
NaCl solution extracts of the various bacteria, given in Table 4, 
were prepared by grinding them in the cold and filtering, and the pro- 
tein content was determined at once and later by formalin titration 
and by finding the optical activity with the polariscope. As shown 
in Table 4 the evidence of protein spUtting, indicated by the formalin 
method and by a diminished rotatory power as the various extracts 
are kept at 37° C, is roughly proportionate to the time required to 
bring the toxic substance in solution. It is most rapid in case of 
the typhoid bacillus, less with pneumococcus extracts, and slowest 
with streptococcus, while in case of the staphylococcus and the 
pyocyaneus bacillus, from which the anaphylatoxic substances 
could not be obtained, practically no hydrolysis took place. 
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I am aware that the accuracy of the formaUn titration method 
for the amount of splitting of protein has been questioned and that 
changed optical activity of solutions of proteins is not necessarily 
an accurate index of the degree of proteolysis. The objections 
raised probably do not apply here, because in the case of pneumo- 
coccus extracts control experiments prove that when formaUn 
titration shows definite increase in polypeptids, etc., Nessler's 
test shows an increased quantity of ammonia in the extract which 
has undergone autolysis. The coagulable nitrogen (phospho- 
tungstic acid) is also perceptibly diminished. 



TABLE 4- 

Proteolysis in NaCl Soldtion Extracts of Various Bacteria as Determined by Formalin 
Titration and the Polariscope. 



NaCl Solution Extract of 



Formalin Titration 
(Figures represent the part of a 

c.c. of — NaOH required to 

10 

restore pink of the neutral- 
ized mixture of extract and 
formalin) 



At 24 48 72 6 

Once Hours Hours Hours Days 



Levo-Rotation in 
Degrees 



At 48 72 
Once Hours Hours Days 



Virulent pneumococci 

B. typhosus '. 

St. pyogenes aureus. . 

Str. pyogenes 

B. pyocyaneus 



3-5 

0.25 

0-5 

3-3 



0.6 



0.8 
0.4 



0.5 
0.35 



0.8 



0.06 
0.07 
0.03 



0.06s 
0.037 



These facts and the results indicated in Table 4 show that the 
toxic substance is probably a spUt product of the bacterial proteins. 
It might be possible that other bacterial substances play a r61e, 
but that it is not merely a question of getting into solution enough 
substance to give the symptoms and that it must concern definite 
chemical changes is further indicated by the fact that the toxicity 
disappears on longer exposure to 37° C. That the lipoids in some 
way play a role is indicated by the fact that the addition of ether 
promotes the bringing into solution of the toxic substance. It is 
likely, however, that ether only serves to kill the bacteria and thus 
intensifies autolytic changes. This explanation is in harmony 
with the results of Friedberger and others who find that it is easier 
to obtain the anaphylatoxic substance from heat-killed bacteria 
than from hving ones by means of immune and normal serum. 
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The following facts indicate that bacteria are converted into 
toxic material during infections just as they are by autolysis in 
NaCl solution. Immune and normal serum and leukocytes bring 
into solution promptly the toxic substances; formaUn titration 
indicates that the changes are all of a proteolytic nature. Not only 
are similar toxic substances formed during experimental infections 
but, as shown by Friedberger, the time of their appearance and 
disappearance is earlier in immunized than normal animals, and in 
the case of pneumococcus infections I have repeatedly obtained 
the toxic substance from the peritoneal exudate of animals, from the 
blood of animals dying with pneumococcemia, in human beings 
from pneumonic lungs immediately after death, and also from pus 
in one case each of pneumococcus empyema and arthritis. The 
fact that the symptoms of natural infections are different from 
those in the guinea-pig following the injection of highly toxic 
extracts is no indication that similar toxic substances may not 
be formed during infections, because the amount of the toxic 
substance in solution may not be great enough at any one time 
to produce the severe reaction. Injection into man of dead 
bacteria which are subject to serum lysis, such as meningococci, 
may be followed by extremely severe symptoms, as shown by 
Davis.* 

As an indication that the toxicity for the guinea-pig may be 
considered a measure of the toxicity for man it should be pointed 
out as I have previously shown,^ that pneumococci from which the 
toxic substance has been removed by autolysis in NaCl solution 
lose practically all their toxic action for man and the guinea-pig. 
The extract now contains the toxic substance, intravenous injection 
into normal guinea-pigs giving symptoms indistinguishable from 
anaphylaxis and subcutaneous injection into man, some fever, 
marked local reaction, and leukocytosis. Heating this extract to 
60° C. for one hour destroys the toxic action for both species. If the 
autolysis is allowed to continue the toxic action again disappears 
simultaneously for guinea-pig and for man. 

The results of these experiments would seem to furnish the neces- 
sary proof that bacteria themselves furnish toxic material when 

• Jour. Infect. Dis., 1907, 4, p. 558. 
Jour. Am. M. Ass., 1910, 54, p. 1943; Jour. Infect. Dis., 1911, 9, p. 190. 
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treated with immune and normal serum, contrary to the views of 
Wassermann and Keysser,' and that complement, while an active 
agent, is not absolutely essential for the production of anaphyla- 
toxin, as Friedberger maintains and as the work of Moreschi and 
Vallardi^ and others suggest. The view of Friedberger that the 
production of anaphylatoxin is not dependent on bacteriolysis, as 
urged also by Neufeld and Dold,* does not seem warranted, because 
the appearance of toxic substances in solution in case of each of the 
species studied is closely associated with definite evidence of dis- 
integration of the bacteria. I find, it is true, that complete lysis 
of pneumococci in weak solutions of bile salts (0.5 per cent) and of 
typhoid bacilh and cholera germs in serum, as Neufeld and Dold 
have shown, interferes with the production of anaphylatoxic sub- 
stance, hence it may be that while complete bacteriolysis destroys 
substance, partial lysis is necessary to produce the toxic substance. 
The possibility that other solvents such as the Upoids may serve to 
extract from bacteria the toxic substance more rapidly or at an 
earlier period during their disintegration is indicated by the results 
of Neufeld and Dold, who claim to have extracted it by means of 
lecithin from living typhoid bacilli and cholera vibrio. That death 
of some organisms must have occurred in their experiments is more 
than likely, and the function of the lecithin here may have been that 
of a solvent, making penetration through the cell membrane easier. 
From my results it is clear, too, why intravascular injections 
of dead bacteria or bacterial extracts are much more toxic than 
subcutaneous and even intraperitoneal injections; in the former 
case the toxic products are carried rapidly to the cells affected as 
soon as formed, whereas on the latter modes of introduction the 
bacterial proteins are converted into relatively harmless cleavage 
products before absorption takes place. The difference in toxicity 
on intravenous injection of dead bacteria which are subject to 
serum lysis and of those which are not, in the Ught of these findmgs, 
is probably not due to the greater concentration in the bacteria of 
toxic substances in the former case, but to an essentially extravas- 
cular digestion by leukocytes and other cells, and by fluids, of the 

' Folio Serologica, 1911, 7, p. 243. 

» Ztschr.f. Immunitdtsf., 1911, 11, p. 31. ^ Berl. klin. Wchnschr., 1911, 48, p. 1072. 
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insoluble bacteria, lodged in the spleen or elsewhere, to a point 
beyond the toxic stage before absorption takes place. The greater 
toxicity of bacterial extracts prepared by grinding in the cold than 
of the corresponding number of dead bacteria may also be explained 
on this basis. For the same reasons, no doubt, intravascular infec- 
tions are accompanied with severe cUnical symptoms as compared 
with localized infections. In the former intoxication results during 
disintegration of bacteria, while in the latter the bacterial proteins 
are largely converted into nontoxic products before they are 
absorbed. This conception serves to explain also how large exu- 
dates, such as that in the lung in lobar pneumonia, may be absorbed 
without producing noticeable symptoms. That destruction of 
bacteria actually takes place during or preceding periods of intoxi- 
cation of the patient in intravascular infections I have shown in two 
cases of chronic endocarditis.' Whenever the patient had a clinical 
reaction — chill, fever, and sweat — the number of viable bacteria 
in the blood dropped abruptly. 

While toxic cleavage products are formed during disintegration 
of bacteria it does not follow that the bacterial proteins are the 
only source of toxic material during infections. The changes 
produced in the serum or other fluids during the growth of the 
bacteria might be a source of exactly similar toxic cleavage prod- 
ucts. In order to throw some hght on this point a study of the 
proteolytic changes, as shown by formaUn titration, and the 
changes in toxicity which are produced in serum or other culture 
media during the growth of pneumococci, streptococci, and typhoid 
bacilli was made. The results show that protein splitting occurs 
with formation of toxic products before the bacteria give demon- 
strable evidence of disintegration. The amount of proteolysis in 
the culture fluid is greater than is obtained later by the complete 
digestion of the bacteria in NaCl solution. The symptoms and 
postmortem appearances are identical with those obtained by the 
injection of NaCl solution extracts. That this splitting may take 
place outside of the bacteria is certain, because proteolysis continues 
after the bacteria are removed by filtration. This and alhed ques- 
tions are at present being studied. This finding is in accord with 

' Jour. Infect. Dis., igio, 7, p. 429. 
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what one could expect and points strongly in the direction that the 
mere growth of bacteria in vivo is probably an indirect but impor- 
tant source of toxic material. This may be another reason why 
intravascular infections are so severe. 

The relation of these facts to the "endotoxin" theory may be 
discussed briefly. In the experiments, the results of which Pfeiffer^ 
cites as proof that "endotoxin" exists preformed within certain 
bacteria, the toxic effects appear first in three or four hours af terinjec- 
tion. The toxic action of bacterial extracts which are prepared 
without autolysis also appears some time after injection. The 
former result is not proof that the toxic action is not due to split 
products while the latter is good evidence that sphtting must occur 
before the extracted bacterial substances can exert toxic effects. 
In my experiments in which proteolytic changes are proven to have 
taken place the toxic action occurs immediately after injection. 

The great similarity in the symptoms produced by the injection 
at a certain period of the autolytic extracts of the various bacteria 
speaks in favor of certain common poisons for all; but it is very 
likely that substances which have a different chemical structure 
and are broken up into different toxic substances exist in the 
various species, one of which has the power to produce spasm of 
the unstriped muscle of the finer bronchioles in guinea-pigs. In 
this restricted sense it does not seem to be specific for the various 
bacteria. Other spUt products which may be assumed to have a 
molecular structure slightly different may have to do with the pro- 
duction of fever, still others with the paralysis of the vasomotor 
mechanism, etc. Differences in the symptoms produced during 
infections by the various species of bacteria may be explained among 
other things on differences in localization and the formation of 
different amounts of the various spht products depending on 
differences in chemical composition, activity of autolytic ferments, 
etc., rather than on the assumption of the existence of a preformed 
specific "endotoxin" for each species. 

CONCLUSIONS. 

When the streptococcus pyogenes, the streptococcus mucosus, 
the meningococcus, the gohococcus, the typhoid bacillus, the 

» Jahrb.f. Immtinitatsf., igio, 6, p. 13. 



Production of Anaphylatoxic Substances 127 

colon bacillus, and the spirillum of Metchnikoff are suspended in 
NaCl solution the latter becomes very toxic at a certain period of 
autolysis. The time the acutely toxic substance appears in solution 
is directly proportionate to the activity of the autolytic ferment and 
the rate of disintegration of the microorganisms. In case of the 
staphylococcus aureus, in which little or no proteolysis took place, 
no toxic effect could be obtained with extracts in NaCl solution 
alone, but when treated with washed leukocytes or serum the toxic 
substance is readily brought in solution. Extracts of the pyo- 
cyaneus bacillus, while toxic, never killed by producing symptoms 
resembling anaphylaxis. 

As shown by formahn titration and by the polariscope, the 
anaphylatoxic substance from bacteria, just as has been shown to be 
the case with that derived from other proteins by other observers, 
is in all probabiHty an early spUt product of the bacteria themselves. 

The proteolytic enzymes contained in the bacterial cells are of 
importance in determining the degree and duration of intoxication. 

The symptoms and postmortem appearances produced by the 
injection of the previously formed bacterial anaphylatoxic substance, 
whether by autolysis in NaCl solution, or by the action of leuko- 
cytes, or by treatment with immune and then with normal serum, 
or by a combination of these methods, either in the peritoneal cavity 
of guinea-pigs, or by the injection of filtrates of serum and serum 
broth cultures when proteolysis has reached a certain stage, and the 
immediate symptoms and changes following the second injection 
of protein in sensitized guinea-pigs, are identical. The acute 
death in each instance is asphyxia due to bronchial spasm. 

The facts that bacteria, which are subject to serum lysis, are 
highly toxic before enough anaphylatoxic substance has been 
formed to kill by acute symptoms, and that, after this has been 
converted into harmless products, they no longer have a toxic 
action, speak strongly in favor of the view that the death in these 
cases is due to liberation of allied split products in vivo. The fact 
that death not infrequently occurs from two to 24 hours following 
an injection of a bacterial extract, which produces marked imme- 
diate symptoms, with symptoms wholly different, speaks in favor 
of the view that here death is due to other toxic cleavage products. 
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Intoxication during infections with bacteria which do not 
produce soluble toxins is probably produced by at least two distinct 
mechanisms. During the growth of the bacteria, albuminous 
fluids in which they multiply are converted into toxic cleavage prod- 
ucts, while during their own disintegration they furnish similar 
toxic material. 



